in the dynamic patterns of real-time fatigue and free-living physical activity were found between groups. Conclusions: To our knowledge, this is the first study to document the temporal and potentially causal relationship between real-time fatigue and free-living physical activity in real-world setting. These findings suggest that fatigue drives the subsequent physical activity and the relationship may not be bidirectional. Implications for Practice: Understanding the temporal, dynamic relationship may have important health implications for developing interventions to address fatigue in cancer survivors. F atigue, a pervasive and distressing cancer symptom, impacts all aspects of a cancer survivor's life. The more aggressive or intensive the cancer therapy, the more likely one is to develop fatigue. 1Y4 Hematopoietic stem cell transplantation (HCT) is considered curative for numerous hematologic malignancies, such as acute myeloid leukemia. 5 Hematopoietic stem cell transplantation, including the preparatory high-dose chemotherapy with or without radiation therapy, is also a prime example of an intensive cancer treatment with a high propensity to result in persistent fatigue. 6Y9 Moderate to severe persistent fatigue occurs after HCT in more than 40% of cancer survivors; 10Y15 thus, there is a critical need to understand this distressing symptom and its impact on the lives of cancer survivors.
The exact cause of persistent fatigue is not known; however, severe, persistent fatigue in cancer survivors has been closely associated with reductions in physical activity. 16Y18 It is not known, however, if fatigue leads to reductions in physical activity or vice versa. This lack of understanding represents an important knowledge gap. Physical inactivity in HCT survivors is associated with a number of complications, including increased incidence of cardiovascular events. 19, 20 Although a few studies have documented persistent fatigue in long-term HCT survivors, no studies to our knowledge, other than our pilot work, have objectively examined physical activity in HCT survivors. 21 This may be due, in part, to the methodological difficulties associated with quantifying objective measures of physical activity in HCT survivors.
Understanding the interaction between fatigue and physical activity is crucial for reducing and/or mitigating poor outcomes in HCT survivors and vitally important for advancing symptom science. Fatigability has been introduced as a concept that integrates fatigue and physical activity. Fatigability is broadly defined as how fatigued or how fast one becomes fatigued while performing a standardized task or other measure of physical activity. 22 This definition is distinct from the one commonly used in the exercise and neuromuscular literature to denote muscle endurance. While conceptual and operational definitions of the term are still evolving, most studies operationalize fatigability to include a subjective component (fatigue or change in perceived fatigue) in the context of performance on a standardized and/or objectively measured task. 23, 24 As a result of this operational definition, fatigability testing most frequently occurs in a clinical and/or laboratory environment. Findings from these types of measures, while important, do not provide information regarding the interplay between fatigue and physical activity in a natural environment.
In addition, the temporal, dynamic relationship between fatigue and physical activity requires further exploration to identify potential targets for therapeutic intervention. Examining the dynamic, temporal relationship in real-world settings would further our understanding. Ecological momentary assessment methodology (real-time technology) provides a means to capture these data in natural settings, 25 such as real-time fatigue. 26, 27 Our group designed a novel method to assess the dynamic, temporal relationship between fatigue and physical activity using realtime data. Our proposed method is different from fatigability measures as it focuses on the relationship between real-time fatigue and free-living physical activity in real-world settings using ecological momentary assessment technology; thus, minimizing the potential reactive effects of testing in a clinical or laboratory environment for physical activity as well as recall biases for fatigue. The purpose of this pilot study report is to (1) explain the methodology used to explore the relationship between real-time fatigue and free-living physical activity and (2) describe and compare the temporal, dynamic relationship between realtime fatigue and free-living physical activity in HCT cancer survivors with persistent fatigue (n = 25) compared to age-and gender-matched healthy controls (n = 25), specifically examining the relationship between real-time fatigue and the physical activity that occurs 30, 60, and 120 minutes before and after each real-time fatigue rating. This pilot study was part of a parent study examining fatigue, physical activity, sleep, emotional distress, cognitive functioning, and biological measures in HCT survivors with persistent fatigue lasting more than 6 months compared to age-and gender-matched healthy controls with occasional tiredness that resolves with rest. 21 The reader is referred to that article for a complete description of study procedures. The methods for exploring the dynamic relationship between real-time fatigue and free-living physical activity and the findings were not addressed or reported in the parent study.
Conceptual Framework
The parent study employed the Fatigue Adaptation Model as an organizing framework and guided the selection of potential biobehavioral correlates of persistent fatigue. 28 Understanding the differences between occasional tiredness that occurs as part of everyday life and persistent fatigue in HCT survivors is a difficult problem facing researchers interested in studying fatigue in cancer survivors and clinicians who provide care. How does occasional tiredness experienced as part of everyday life differ from persistent fatigue experienced by HCT survivors? The Fatigue Adaptation Model suggests that tiredness and fatigue represent distinct behavioral states that exist upon a continuum, with tiredness anchoring 1 end and exhaustion the other. 28 Tiredness precedes fatigue, and fatigue precedes exhaustion. Differences in key biobehavioral domains, such as physical activity, sleep, emotional distress, and cognitive functioning, exist as one moves from tiredness to fatigue to exhaustion. The specific relationship between fatigue and physical activity, however, is complex, thus establishing the need for this pilot study. Does fatigue lead to physical inactivity or physical inactivity lead to fatigue, or is the relationship bidirectional? Determining if this relationship is different in HCT survivors and healthy controls and whether there is temporal precedence (fatigue precedes physical activity or vice versa) in real-world settings would be an important step toward establishing causality.
n Method
Design
This study used a prospective, comparative descriptive design to evaluate the relationship between real-time fatigue and freeliving physical activity. Fatigue is defined as a subjective lack of physical and/or mental energy that is perceived as out proportion to recent activity and interferes with usual and desired activities over time despite adequate access to sleep or rest periods. 29 Persistent fatigue in HCT survivors is operationalized as fatigue lasting more than 6 months and generally not relieved with rest. Subjects included HCT survivors with persistent fatigue (n = 25) and age-and gender-matched healthy controls with occasional tiredness that resolves with rest (n = 25). A wristworn accelerometer with a subjective event marker on the face of the device was used to capture patient-reported real-time fatigue and objective free-living physical activity. Subjects wore the device continuously for 7 days. Each subject produced a maximum of 35 real-time fatigue intensity ratings (5 ratings per day Â 7 days) and 10800 epochs of 1-minute physical activity counts (1440 oneminute physical activity epochs per day Â 7 days).
Sample
The sample (N = 50) included adult HCT survivors with persistent fatigue (n = 25) and age-and gender-matched healthy controls with occasional tiredness (n = 25). Subjects were recruited through local transplant programs (HCT survivors), local flyers, Web advertisements (BMT Info Network: HCT survivors; ResearchMatch: healthy controls), and word of mouth. All subjects were screened over the telephone to determine eligibility. Screening information was self-reported. Eligibility criteria for all subjects included (1) at least 18 years of age, (2) able to ambulate without assistance, (3) no history of major psychiatric disorder, (4) no current major anxiety or depressive disorder, and (5) no current diagnosis of a sleep disorder, such as sleep apnea. All shift workers, regardless of group, were excluded. Eligibility specific to healthy controls included (1) self-reported occasional tiredness in the past 7 days; (2) tiredness generally relieved with rest; (3) no history of a chronic condition, such as diabetes, heart disease, cancer, and others; and (4) no history of a condition in which fatigue is a common complication, such as multiple sclerosis. Healthy control subjects were excluded if they had any infectious, autoimmune/inflammatory diseases or were taking immunosuppressive medications. The healthy controls were matched to the HCT survivors by gender and age (within 5 years). Eligibility criteria specific to HCT survivors included (1) complete remission of cancer for at least 1 year post allogeneic or autologous HCT, (2) self-reported persistent fatigue during the previous 6 months, and (3) fatigue generally not relieved with rest. Those HCT survivors with severe acute graft-versus-host disease (grade III and IV), with extensive chronic graft-versushost disease, and/or taking steroids for another medical condition were excluded from the study.
Setting
All data collection took place in the subject"s natural environment.
Instrumentation

REAL-TIME FATIGUE
Real-time fatigue was measured with a 1-item, global fatigue intensity scale using computerized ecological momentary assessment (real-time assessment). The Actiwatch-Score (Phillips Respironics, Bend, Oregon) contains a subjective event marker on the face of the physical activity monitor. The subjective event marker was used as a real-time, single-item, global, self-report scale to measure real-time fatigue intensity. Fatigue intensity scores range from 0 (no fatigue) to 10 (worst). Subjects enter the data directly into the subjective event marker of the wrist actigraph. This method of collecting real-time fatigue intensity ratings was chosen because of ease of use and ability to capture repeated realtime measurements of fatigue throughout the day. Although numeric intensity ratings do not provide information regarding the multidimensional nature of fatigue, this 0 to 10 rating scale is suggested for use as a fatigue-screening device in clinical situations. 29Y31 A computerized ecological momentary assessment approach to collecting real-time fatigue data was employed to avoid problems with recall inaccuracies and objectively timestamp real-time fatigue data entries. 32 Data entered into the subjective event marker were stored in the onboard memory of the device. We successfully used this computerized methodological approach previously to assess real-time fatigue in HCT patients. 27 
FREE-LIVING PHYSICAL ACTIVITY
Physical activity was objectively measured using a wrist-worn accelerometer (Actiwatch-Score, Philips Respironics). The occurrence, degree, and magnitude of physical activity are captured via an omni-directional accelerometer. The piezoelectric motion sensor integrates degree and speed of motion and stores the information as activity counts in 1-minute epochs in the Actiwatch-Score memory. The accelerometer is sensitive to G .01 g-force. Each 24-hour period produces 1440 one-minute epochs of physical activity counts. Intrainstrument and interinstrument reliabilities for the wrist-worn accelerometer has been established using a shaker table under 6 different conditions of various intensity, 33 as well as concurrent validity in people with chronic illnesses. 34 Wrist actigraphy has been successfully used in HCT patients, with expected reductions in physical activity immediately after HCT providing further support for convergent validity. 35 
Data Collection Schedule and Procedures
Institutional review board approval was obtained prior to subject engagement. Potential subjects responded to recruitment efforts as detailed above. Subjects self-identified as HCT survivors with persistent fatigue or healthy controls with occasional tiredness per the parent study. 21 A telephone screening script was used to determine eligibility. Eligible potential subjects who expressed interest were mailed informed consent documents. Upon return of the signed written informed consent document, the wrist actigraph, along with study instructions, was shipped to subjects. Subjects were contacted by telephone to verify receipt and review study procedures. Subjects placed the device on their nondominant wrist. Subjects were instructed to wear the device continuously for the next 7 days and carry on with normal activities, including showering. Subjects were also asked to rate their fatigue intensity ''at that moment in time'' 5 times per day (upon awakening, 10:00 AM, 2:00 PM, 6:00 PM, and at bedtimes). An activated audible alarm reminded subjects at preset times (10:00 AM, 2:00 PM, and 6:00 PM) to complete the realtime fatigue assessments. Because of the expected time variability associated with awakening and going to bed, it was not possible to program the wrist actigraph to alarm at these times. Subjects entered the real-time rating directly into the subjective event marker of the wrist actigraph. At the end of data collection, subjects returned the device via a prepostage paid box.
Method to Explore the Dynamic Relationship Between Real-time Fatigue and Free-Living Physical Activity
Upon return of the wrist worn accelerometer, the real-time fatigue and physical activity data were downloaded using the Actiware software (V. 6.0). The continuous 1-minute physical activity epochs and real-time fatigue intensity scores for all 7 days of data collection were exported to Excel and examined. Data were cleaned using the following rules: (1) each subject must have provided 7 days and 7 nights of real-time physical activity data, including weekday and weekend information; (2) only 7 days/nights of activity were included in the analysis; (3) subjects must have worn the device for a minimum of 14 hours during normal wake-time hours for the day to be included in this analysis; and (4) physical activity intervals of 120 minutes or more of 1-minute physical activity counts with a score of 0 during normal day-time hours (6:00 AM to 10:00 PM) were excluded as off-wrist time. All real-time fatigue assessments were included in the analysis. Missing data were not replaced. One research team member reviewed the data for completeness and performed the initial cleaning of data. The primary investigator (E.D.H.) reviewed all files to determine completeness and made the final decisions regarding data inclusion/exclusion. Using a system of moving averages in Excel, the 1-minute physical activity counts were averaged over 30, 60, and 120 minutes before and after each real-time fatigue score (see Figure 1) .
Data Analysis
Descriptive statistics were computed for all clinical and demographic characteristics. Generalized estimating equations were used to examine temporal relationships between real-time fatigue scores and each of the 6 physical activity time intervals (mean 1-minute physical activity counts 30, 60, and 120 minutes before and after each real-time fatigue score). Generalized estimating equations control for biases estimates due to correlation problems. 36, 37 Because of the repeated-measure nature of the data, we expected temporal correlations among mean 1-minute physical activity counts across time intervals within subjects. To identify differences in dynamic relationship patterns between HCT survivors with persistent fatigue and healthy controls, separate generalized estimating equations for each of the 6 time intervals were computed using autoregressive first order correlational structure.
n Results
Demographic and Clinical Characteristics
Demographic characteristics for all subjects and clinical characteristics for HCT survivors are displayed in Table 1 . Briefly, the Figure 1 n Real-time fatigue and free-living physical activity sampling. mean (SD) age of the sample was 52.8 (11.8) years and consisted of 56% men (n = 28) and 44% women (n = 22). Most subjects were white (n = 42, 84%) and highly educated, completing some college (n = 13, 26%), graduated from college (n = 16, 32%) or graduate education (n = 17, 34%). The HCT survivors were transplanted for a variety of hematological malignancies. Most HCT survivors received an allogeneic transplant (n = 19, 76%).
Frequency and Diurnal Pattern of Real-time Fatigue Ratings
A total of 1414 real-time fatigue ratings were provided (HCT survivors, n = 692; healthy controls, n = 722). Subjects provided an average of 28 (80%) real-time fatigue ratings out of a possible 35 (SD, 5). There were no significant differences between groups on the number of real-time fatigue ratings provided. The frequency of the specific real-time fatigue ratings on a scale of 0 to 10 are displayed in Figure 2 . The specific real-time fatigue ratings differ substantially between HCT survivors and healthy controls. The pattern reveals that HCT survivors more frequently report moderate to moderate/severe fatigue, while healthy controls more frequently report no fatigue or mild fatigue. Both groups reported a similar number of severe fatigue (ratings of 9 and 10). Figure 3 displays the diurnal pattern of real-time fatigue intensity scores. The mean time for reporting real-time fatigue scores of 0 (no fatigue) to 6 (high end of moderate fatigue) occurred in the early afternoon, whereas severe ratings of fatigue (7 to 10) occurred in the late evening.
Dynamic Patterns of Real-time Fatigue and Physical Activity (All Subjects)
Generalized estimating equations indicate that a significant inverse relationship exists between real-time fatigue and the mean 1-minute physical activity counts that occurred before or after real-time fatigue ratings for the following time intervals: (1) 60 minutes before real-time fatigue (B = j0.001, P = .006), (2) 30 minutes after real-time fatigue (B = j0.002, P G .001), (3) 60 minutes after real-time fatigue (B = j0.003, P G .001), and (4) 120 minutes after real-time fatigue (B = j0.004, P G .001) ( Table 2 ). The inverse relationship between real-time fatigue and mean 1-minute physical activity counts averaged over time became stronger as the time interval progressed up to 120 minutes after the real-time fatigue score. 
Comparison Between HCT Survivors and Healthy Controls
Generalized estimating equations indicated no significant differences between groups for real-time fatigue and the mean 1-minute physical activity counts occurring 30, 60, and 120 minutes before and after real-time fatigue. Figure 4 displays the relationship between real-time fatigue and the mean 1-minute physical activity counts 30, 60, and 120 minutes, respectively, before the real-time fatigue score. No identifiable patterns were noted in either group. Figure 5 displays the relationship between real-time fatigue and the mean 1-minute physical activity counts 30, 60, and 120 minutes, respectively, after the real-time fatigue score. A strong pattern existed when the mean 1-minute physical activity counts (30, 60, and 120 minutes after real-time fatigue, respectively) were plotted against the real-time fatigue intensity ratings. The pattern suggests that greater real-time fatigue limits subsequent physical activity (30, 60 , and 120 minutes after the rating) for both groups.
Dynamic Patterns of Real-time Fatigue and Physical Activity (HCT Survivors and Healthy Controls)
The relationship between real-time fatigue and free-living physical activity using generalized estimating equations was examined separately for each group (Table 2) .
HCT SURVIVORS
Generalized estimating equations indicated that a significant inverse relationship existed between real-time fatigue and the mean 1-minute physical activity counts that occurred after realtime fatigue score for the following intervals: (1) 30 minutes after real-time fatigue (B = j0.002, P G .001), (2) 60 minutes after real-time fatigue (B = j0.003, P G .001), and (3) 120 minutes after real-time fatigue (B = j0.004, P G .001). All other relationships were nonsignificant.
HEALTHY CONTROLS
Generalized estimating equations indicated that a significant inverse relationship existed between real-time fatigue and the mean 1-minute physical activity counts that occurred real-time fatigue for the following intervals: (1) 30 minutes after real-time fatigue (B = j0.002, P G .001), (2) 60 minutes after real-time fatigue (B = j0.003, P G .001), and (3) 120 minutes after realtime fatigue (B = j0.004, P G .001). All other relationships were nonsignificant.
n Discussion
This pilot study is the first, to our knowledge, to describe a novel methodology examining the temporal, dynamic relationship between real-time fatigue and free-living physical activity in realworld settings and then test this methodology in HCT survivors with persistent fatigue versus age-and gender-matched healthy controls. Study findings indicated that HCT survivors more frequently reported moderate and moderate to severe levels of real-time fatigue, whereas healthy controls more frequently reported no or mild fatigue. The real-time fatigue followed a diurnal pattern, with fatigue worsening as the day progressed for HCT survivors and healthy controls. Most importantly, this study documents the relationship between real-time fatigue and free-living physical activity in the natural environment, as opposed to clinical and/or laboratory testing environments. The findings suggest that (1) there is an inverse relationship between real-time fatigue and free-living physical activity and (2) higher real-time fatigue temporally precedes reductions in subsequent physical activity. Free-living physical activity before the real-time fatigue scoring does not appear to play a significant role in the perception of fatigue. Additional study is required given the small sample. Even so, the findings may have important implications for persistent fatigue interventions in HCT survivors. More focus may need to be placed on the perception of fatigue rather than physical activity, a frequent target for reducing fatigue in HCT cancer survivors. Although fatigue is highly distressing and pervasive in HCT survivors, very few research studies have addressed whether the real-time fatigue experienced by HCT survivors is different from the fatigue experienced by the general public during everyday life. Furthermore, many fatigue instruments, such as the PROMIS instruments, 38 ask subjects to evaluate their fatigue status retrospectively (ie, fatigue during the past 7 days). This approach, 
This study used an ecological momentary assessment approach to assess real-time fatigue repeatedly over time in the subjects" natural environment, providing valuable insight into the dynamic nature of persistent fatigue in HCT survivors over the course of multiple consecutive days. More than 1400 realtime fatigue ratings were provided over 7 days by 25 HCT survivors and 25 healthy controls. The findings clearly indicated, as expected, that HCT survivors more frequently reported moderate and moderate to severe real-time fatigue and less frequently reported mild to moderate real-time fatigue. Conversely, healthy controls more frequently reported no to mild real-time fatigue and less frequently reported moderate or moderate to severe real-time fatigue. Surprisingly, less than 5% of all real-time fatigue ratings were in the very severe range for either group (ratings of 9 or 10: HCT survivors, n = 37; healthy controls, n = 29). The real-time fatigue findings may be important for developing interventions, given the potential to target fatigue based on timing, intensity, or both.
Fatigue and physical activity are frequently intertwined in the cancer survivor literature, although the temporal relationship is not clear. To begin addressing whether fatigue leads to changes in physical activity or vice versa, our methodology of using moving averages of objectively obtained free-living physical activity counts in the 30, 60, and 120 minutes before and after each real-time fatigue score provides researchers with a system to explore this relationship. Because the device to collect the realtime fatigue and free-living physical activity data is relatively nonintrusive (resembles a wrist watch), the findings are less likely to be influenced by artificial testing environments. General estimating equations, a statistical method that takes into account repeated measures of correlated observations, is ideal for analyzing the relationship among real-time fatigue and free-living physical activity. 36, 37 Most importantly, findings from studies that examine real-time fatigue and free-living physical activity using a method like this may provide essential information for designing interventions and explicating the underlying mechanisms of effective fatigue interventions in real-world settings. Furthermore, this method has widespread applicability for examining fatigue and physical activity across a broad range of clinical populations, given the nonintrusiveness of the data collection as well as the relatively straightforward method for analyzing the temporal, dynamic nature of the real-time fatigue and free-living physical activity.
Other researchers have examined the relationship between fatigue and physical activity to further understand how symptoms impact functional ability. 39, 40 Fatigability, a relatively new concept that integrates the interaction between fatigue and physical activity, has generated much research interest. Although fatigability is defined in multiple ways, Eldadah 22 defined it as a characteristic that describes how fatigued one becomes in response to defined activity. Multiple methods for assessing fatigability have been introduced, but a gold standard has not emerged. Most measures of fatigability evaluate fatigue or change in self-reported fatigue (subjective component) in response to a defined objectively measured activity, such as the 6-minute walk. 23, 24 Self-report measures of fatigability have also been published. 41 There are key similarities as well as differences in our approach to assessing the relationship between real-time fatigue and free-living physical activity and measuring fatigability (fatigability methods that include subjective and objective components). First, both approaches require subjects to self-report fatigue intensity levels in real-time or close to real-time. We asked subjects to rate their fatigue intensity level at ''that moment in time.'' Most fatigability measures require subjects to rate their fatigue in a similar manner, such as within a very short period (ie, fatigue ratings before and after a specific task) or the change in fatigue from baseline to completion of a task. Incorporating objectively observed physical activity into the measure is another similarity. A key difference, however, is that most measures of fatigability specify a predefined activity task that is generally tested in a clinical or laboratory environment. Our approach assesses free-living physical activity in a natural environment and does not ask subjects to rate their fatigue in response or relation to any particular activity. Thus, although both approaches examine the relationship between real-time fatigue and physical activity, findings from studies that subjectively assess fatigue and objectively assess physical activity may be different, given the focus on standardized testing with fatigability measures versus free-living physical activity in our approach.
Our study produced valuable results, but potential study limitations should be noted. First, our sample included 25 HCT survivors and 25 healthy controls, a relatively low sample size. Even so, the mean completion rate for real-time fatigue ratings was more than 80%, indicating substantial compliance with research procedures. Only 2 of 50 subjects fell below 60% real-time fatigue completion rate. Second, this is the first report for our method to evaluate the relationship between real-time fatigue and free-living physical activity. As such, the methods must be subjected to further research, and the findings from this study should be interpreted with caution. The study also relied on a global, single-item fatigue intensity rating scale. Although this measurement does not address the multidimensional nature of fatigue, it is recommended for clinical screening. Lastly, the findings suggest that real-time fatigue limits subsequent physical activity. It is possible that just asking subjects to rate their fatigue intensity, regardless of their activity status in real-time, may make subjects more self-conscious of their fatigue status. The conscious evaluation of higher levels of fatigue may result in potentially limiting physical activity after the fatigue evaluation and vice versa. In future studies, it will be important to ask HCT survivors about how they perceive fatigue and physical activity to interact in their lives (ie, do you limit physical activity because you fear becoming fatigued?).
Understanding real-time fatigue in HCT cancer survivors and the relationship between real-time fatigue and free-living physical activity is a ripe area for future research. Building upon our findings, a number of methodological strategies in future studies will further advance our knowledge. Increasing the sample size is an obvious and important first step. The inclusion of 2 control groups (HCT survivors with occasional tiredness and age-and gender-matched healthy controls with occasional tiredness) would strengthen the design considerably. The age-and gender-matched healthy controls with occasional tiredness would serve as a comparison to the general population, whereas the HCT survivors with occasional tiredness would serve as a comparison to those who have received similar treatment. In addition, the potential research implications from this study extend beyond the HCT cancer survivor population. This study was specifically designed to minimize subject burden and maximize compliance. The methods for evaluating the temporal, dynamic relationship between real-time fatigue and free-living physical activity are relatively straightforward. As a result, the aims and methods can be easily replicated in other clinical populations, including those that experience long-standing problems with fatigue. The ability to examine fatigue and the relationship to physical activity in other equally challenging populations would extend the generalizability of our preliminary findings.
n Conclusion
This study, the first to our knowledge, describes a novel methodology for exploring the temporal, dynamic relationship between real-time fatigue and free-living physical activity in realworld settings. A wrist actigraph with a subjective event marker was used to capture subjective real-time fatigue ratings and objective physical activity in HCT survivors and age-and gendermatched healthy controls over 7 days. Hematopoietic stem cell transplantation survivors more frequently reported moderate and moderate to severe levels of real-time fatigue, whereas healthy controls more frequently reported no or mild fatigue. Real-time fatigue worsens during the evening, following a diurnal pattern for both groups. The study findings provide preliminary evidence that an inverse relationship exists between real-time fatigue and free-living physical activity. Importantly, our data suggested that the relationship between real-time fatigue and free-living physical activity was unidirectional, with fatigue driving the subsequent physical activity. These findings must be interpreted with caution given the small sample size and novelty of the methodology. Even so, the study findings have important implications for designing interventions and explicating the underlying mechanisms of effective fatigue interventions. As the first study to document this temporal relationship between real-time fatigue and freeliving physical activity in real-world settings among HCT survivors and healthy controls, additional study is required.
